/0*0 

fj£p> 


NATIONAL  BUREAU  OF  STANDARDS  REPORT 

5375 

FIRE  TEST  OF  STEEL  DECK  FLOOR  SYSTEM  AND  BEAM 


by 

J*  V0  Ryan 


THE  NATIONAL  BUREAU  OF  STANDARDS 


Functions  and  Activities 

The  functions  of  the  National  Bureau  of  Standards  are  set  forth  in  the  Act  of  Congress,  March 
.1,  1901,  as  amended  by  Congress  in  Public  Law  619,  1950.  These  include  the  development  and 
maintenance  of  the  national  standards  of  measurement  and  the  provision  of  means  and  methods 
for  making  measurements  consistent  with  these  standards;  the  determination  of  physical  constants 
and  properties  of  materials;  the  development  of  methods  and  instruments  for  testing  materials, 
devices,  and  structures;  advisory  services  to  Government  Agencies  on  scientific  and  technical 
problems;  invention  and  development  of  devices  to  serve  special  needs  of  the  Government;  and  the 
development  of  standard  practices,  codes,  and  specifications.  The  work  includes  basic  and  applied 
research,  development,  engineering,  instrumentation,  testing,  evaluation,  calibration  services,  and 
various  consultation  ami  information  services.  A major  portion  of  the  Bureau’s  work  is  performed 
for  other  Government  Agencies,  particularly  the  Department  of  Defence  and  the  Atomic  Energy 
Commission.  The  scope  of  activities  is  suggested  by  the  listing  of  divisions  and  sections  on  the 
inside  of  the  back  cover. 

Reports  and  Publications 

The  results  of  -the  Bureau’s  work  take  the  form  of  either  actual  equipment  and  devices  or 
published  papers  and  reports.  Reports  are  issued  to  the  sponsoring  agency  of  a particular  project 
or  program.  Published  papers  appear  either  in  the  Bureau’s  own  series  of  publications  or  in  the 
journals  of  professional  and  scientific  societies.  The  Bureau  itself  publishes  three  monthly  peri- 
odicals, available  from  the  Government  Printing  Office:  The  Journal  of  Research,  which  presents 
complete  papers  reporting  technical  investigations;  the  Technical  News  Bulletin,  which  presents 
summary  and  preliminary  reports  on  work  in  progress;  and  Basic  Radio  Propagation  Predictions, 
which  provides  data  for  determining  the  best  frequencies  to  use  for  radio  communications  throughout 
the  world.  There  are  also  five  series  of  nonperiodical  publications:  The  Applied  Mathematics 
Scries,  Circulars,  Handbooks,  Building  Materials  and  Structures  Reports,  and  Miscellaneous 
Publications. 

Information  on  the  Bureau’s  publications  can  be  found  in  NBS  Circular  160,  Publications  of 
the  National  Bureau  of  Standards  (11.25)  and  its  Supplement  ($0.75),  available  from  the  Superin- 
tendent of  Documents,  Government  Printing  Office,  Washington  25,  D.  C. 

Inquiries  regarding  the  Bureau’s  reports  should  be  addressed  to  the  ( )ffice  of  ’Technical  Informa- 
tion, National  Bureau  of  Standards,  Washington  25,  D.  C. 


BUREAU  OF  STANDARDS  REPORT 


NBS  PROJECT 

1002-30-^-820 


NBS  REPORT 

July  8,  1957  5375 


FIRE  TEST  OF  STEEL  DECK  FLOOR  SYSTEM  AND  BEAM 


by 

J*  V*  Ryan 


for 

Department  of  the  Air  Force 
(AFCIE-ES) 


IMPORTANT  NOTICE 


NATIONAL  BUREAU  OF  ST  At 

intended  for  use  within  the  Gi 
to  additional  evaluation  and  re\ 
listing  of  this  Report,  either  in 
the  Office  of  the  Director,  Nati 
however,  by  the  Government  a 
to  reproduce  additional  copies 


Approved  for  public  release  by  the 
Director  of  the  National  Institute  of 
Standards  and  Technology  (NIST) 
on  October  9,  2015. 


egress  accounting  documents 
ially  published  it  is  subjected 
production,  or  open-literature 
m is  obtained  in  writing  from 
uch  permission  is  not  needed, 
repared  if  that  agency  wishes 


<NBS> 

U.  S.  DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 


FIRE  TEST  OF  STEEL  DECK  FLOOR  SYSTEM  AND  BEAM 


ABSTRACT 

A fire  endurance  test  was  conducted  with  a 
floor  specimen  consisting  of  cellular  and  fluted 
steel  deck  units  supported  by  a steel  beam#  The 
beam  was  encased  in  metal  lath  and  gypsum- 
vermiculite  plaster*  The  deck  units  had  concrete 
fill  above  and  vermiculite  acoustical  plastic  below# 
The  results  indicated  a fire  resistance  of  3 hr 
hi  min  for  the  particular  specimen  tested# 


1#  Introduction 

Formed  steel  deck  units,  with  concrete  fill  above, 
have  found  increased  use  in  buildings#  The  units  act 
as  structural  support  during  construction  and  as  form 
upon  which  to  cast  a concrete  slab,  or  fill,  without 
the  need  for  the  inclusion  of  reinforcement  such  as  bars 
or  wire  mesh  in  the  slab.  Some  of  the  units  are  corrugated, 
or  fluted,  in  a cross-section  nearly  rectangular  rather 
than  curved,  and  others  are  cellular,  formed  by  facing  one 
side  of  a fluted  unit  with  a flat  plate  or  with  another 
fluted  unit#  The  cellular  units  are  suggested  to  provide 
enclosed  raceways  for  utility  services  such  as  electricity 
and  telephone#  This  utilization  permits  the  direct  appli- 
cation of  suitable  finish  materials  directly  to  the  under 
surface  of  the  floor  system  without  exposed  utility  service-, 
conduits  and  raceways#  This  produces  a thin  floor-ceiling 
system,  leading  to  reduction  of  building  height  without 
reduction  of  head  room# 

Because  such  construction  is  of  interest  to  the  public 
and  the  government,  a specimen  of  this  type  was  subjected 
to  fire  test,  the  second  of  a series  of  related  tests# 

The  specimen  consisted  of  a combination  of  cellular  and 
fluted  units,  with  concrete  fill  above  and  vermiculite 


acoustical  plastic  on  the  bottom  surface  of  the  units.  The 
specimen  included  a steel  beam  encased  in  gypsum-vermi- 
culite  plaster  on  metal  lath. 


2,  Materials  and  Specimen 

A steel  beam,  10  in.  deep  (10WF21)  and  17  ft  9 in. 
long  was  secured  to  li  in.  thick  steel  plates  by  conven- 
tional angle  connectors.  The  plates  were  bolted  to  the 
furnace  frame,  a 1*+  in.  steel  H-section,  so  that  the  center- 
line  of  the  10WF21  beam  lay  along  the  centerline  of  the 
18  ft  by  13  ft  6 in.  furnace  opening.  A gap  was  left 
between  each  plate  and  the  furnace  frame  to  permit  thermal 
expansion  of  the  beam  and  some  tilting  of  the  plates  as 
the  beam  deflected.  The  two  gaps  totalled  3/^  in.  This 
arrangement  permitted  consideration  of  the  beam  as  only 
partially  restrained  at  the  ends.  This  was  intended  to  be 
representative  of  the  conditions  existing  in  buildings 
having  such  beams. 

Formed  steel  deck  units  of  two  types  were  used.  The 
units  of  the  first  type  were  fluted.  The  flutes  were  spaced 
6 in.  on  centers,  were  1-g-  in.  deep,  2 3/8  in.  wide  at 
the  top  and  2 1/8  in.  wide  at  the  bottom.  Both  edges  of 
each  unit  were  formed  in  such  a manner  that  an  interlocking 
joint  between  adjoining  units  was  provided.  Each  unit 
was  2 ft  wide  by  6 ft  9 in.  long,  and  was  made  of  1^  gage 
steel.  The  units  of  the  second  type  were  cellular,  con- 
sisting of  two  sheets  of  steel.  The  upper  sheet  was  of 
18  gage  steel  formed  to  the  same  shape  as  the  fluted 
unit  just  described  except  that  the  edges  were  not  formed 
for  the  interlocking  joint.  The  lower  sheet  was  16  gage 
steel  and,  except  for  the  formed  edges,  was  flat.  The 
two  sheets  were  spot  welded  together  to  make  a unit  2 ft 
wide  and  6 ft  8 in,  long. 

The  steel  deck  units  were  placed  to  span  from  the 
steel  beam  to  the  bearing  angles  bolted  to  the  inside  of  the 
furnace  frame  along  the  two  long  sides  of  the  furnace 
opening.  The  arrangement  was  symmetrical  with  both  the 
transverse  and  longitudinal  centerlines  of  the  furnace 
opening.  Starting  at  one  end,  the  order  of  units  was: 
one  fluted,  one  cellular,  two  fluted,  one  cellular 
(centered  on  transverse  centerline  of  furnace  opening), 
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two  fluted,  one  cellular,  and  one  fluted*  The  ends  of  the 
cellular  units  butted  together  over  the  beam;  those  of 
the  fluted  units  were  crimped  slightly  and  overlapped 
approximately  2 in.  The  cellular  units  were  welded  to  the 
beam  and  bearing  angles  at  12  in.  on  centers.  The  fluted 
units  that  were  on  the  bottom  of  the  overlap  joint  were 
welded  to  the  beam  at  12  in.  on  centers  before  the 
overlapping  units  were  placed.  The  overlapping  units  were 
welded  to  the  beam  on  12  in*  centers  but  staggered  6 in. 

(one  flute)  from  the  welds  of  the  lower  units.  After  the 
units  had  been  welded,  the  interlocking  joints  were 
pinched  together  at  2 ft  on  centers. 

Holes  were  punched  through  the  units  and  9 gage  wire 
hangers  dropped  through.  The  hangers  were  6 in.  from  each 
end  of  the  beam  and  then  18  in.,  on  centers.  They  were 
about  i to  ^ in.  out  from  each  edge  of  the  top  flange  of 
the  beam.  They  were  bent  to  turn  under,  and  in  contact  with 
the  bottom  flange  of  the  beam.  Pairs  of  wires,  one  from 
each  side  of  the  beam,  were  laid  together  for  about 
in.  directly  below  the  beam  and  wire  tied. 

Transit-mixed  concrete,  proportioned  1 part  cement, 

2 parts  Potomac  River  sand,  and  U parts  Potomac  River 
gravel  (both  aggregates  of  a siliceous  composition)  was 
poured  on  the  steel  deck  and  screeded  to  a depth  of  2-g- 
in.  above  the  tops  of  the  fluted  and  cellular  units.  No 
reinforcing  bars  or  mesh  were  included  in  this  concrete 
fill*  The  concrete  supplier  stated  that  the  gravel  had 
passed  through  3A-  in.  sieve. 

Sheets  of  flat  diamond  mesh  3*^  lb/yd^  expanded  metal 
lath  were  bent  to  form  long  channel- shaped  pieces  of  such 
size  that  they  boxed  the  beam  and  fit  against  the  wire 
hangers.  The  lath  was  tied  to  the  hangers  by  18  gage 
lathers'  tie  wire.  Corner  beads,  consisting  of  a formed 
sheet  metal  nose  and  woven  wire  legs,  were  tied  to  the 
metal  lath  along  the  two  bottom  edges  of  the  beam  protection. 
The  corner  beads  were  positioned  to  provide  grounds  for 
not  less  than  1-g-  in.  of  plaster,  as  measured  from  the  face 
of  the  metal  lath,  on  the  soffit  and  up  both  sides  of  the 
beam. 


Gypsum-vermiculite  plaster  was  applied  to  the  metal 
lath  in  two  coats.  The  first  or  scratch  coat  was  prepared 
in  two  batches;  the  first  proportioned  1^  bag  (nominal 
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99*25  lb/bag)  unfibered  gypsum  cement  to  ft3  of  vermi- 
culite  plaster  aggregate;  the  second  bag  to  1 ft’,  The 
second,  or  brown  coat*  was  proportioned  1 bag  of  unfibered 
gypsum  cement  to  3 ft’  of  vermiculite  plaster  aggregate 
for  each  of  three  batches • Each  batch  included  4 oz  of 
accelerator.  The  water  averaged  10.2  gal  (85  lb)  per  bag 
of  cement  for  the  scratch  coat  and  13.4  gal  (111  lb)  per 
bag  for  the  brown  coat.  Each  batch  of  plaster  was  mixed 
in  a commercial  plaster  mixing  machine.  The  scratch  coat 
was  applied  by  trowel  to  fill  the  corner  beads  and  to 
provide  about  half  the  total  thickness.  Strips  of  plaster 
were  built  up  to  full  thickness  at  the  center  and  about 
1 ft  from  each  end.  The  surfaces  of  those  on  the  sides 
were  checked  for  plumb.  After  about  4-g-  hours  had  passed, 
the  brown  coat  was  applied  by  spraying  from  a commercially 
available  machine  designed  for  this  use.  The  surface  was 
screeded. 

The  average  density  of  the  vermiculite  aggregate 
used  was  7*4  lb/ft^;  of  the  freshly  mixed  plaster  was 
77  lb/ft^  for  two  samples  of  the  scratch  coat  and 
67  lb/ft’  for  three  samples  of  the  brown  coat.  The 
average  density  of  the  brown  coat  plaster  as  discharged 
from  the  spray  nozzle  was  7 8 lb/ft^, 

Vermiculite  acoustical  plastic  was  applied  to  the 
underside  of  the  steel  deck®  The  plastic  was  prepared  by 
mixing  a dry  loose  material  with  water.  The  dry 
material  was  a proprietary  product.  Its  composition  was 
not  identified,  either  by  analysis  or  by  manufacturer's 
statement.  The  first  two  base  applications  were  made  with 
the  "regular"  material;  the  last  two  with  material  that 
contained  white  pigment.  It  came  in  bags  which  contained 
an  average  of  22.4  lb  each  for  the  base  coats  and  24,7  lb 
for  the  white  pigmented  coats.  The  contents  of  each  bag 
were  mixed  with  10,5  gal  (88  lb)  of  water  for  the  initial 
application,  9*8  gal  (82  lb)  for  the  second,  and  10,7  gal 
(89  lb)  for  the  third.  The  plastic  was  prepared  and  applied 
utilizing  the  same  mixer  and  spray  machine  as  for  the 
plaster 

The  deck  units  had  been  clean  when  received.  After 
the  application  of  plaster  to  the  beam,  all  spattering s 
were  wiped  from  the  units  before  the  plastic  was  applied. 

The  first  application  was  started  the  day  after  the 
plastering  of  the  beam  had  been  completed;  the  second 
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6 days  after  the  first;  the  third  8 days  after  the  second; 
and  the  final  24-  days  after  the  third „ No  grounds  were 
used  as  a guide  to  thickness  but  frequent  checks  were  made 
with  depth  gage  or  wire  probes*  The  average  wet  densities 
of  the  freshly  mixed  plastic  and  of  the  plastic  as^delivered 
from  the  spray  nozzle,  respectively,  were  4-9  lb/ft^  and 
58  lb/ft^  for  the  first  application;  4-7  lb/ft3  and  58  lb/ft^ 
for  the  second;  and  50  lb/ft3  and  58  lb/ft3  for  the  third. 

Shrinkage  of  the  acoustical  plastic,  as  each  applica- 
tion  dried,  produced  numerous  cracks  over  the  surface. 

In  most  instances  the  subsequent  applications  covered  the 
existing  cracks  satisfactorily.  Between  the  third  and 
final  applications,  cracks  in  and  parallel  to  the  flutes 
were  patched  by  trowelling  considerable  added  material 
into  the  flutes.  This  was  followed  by  application  of  the 
final  thin  texture  coat.  The  combination  of  spraying  and 
trowelling  resulted  in  a surface  with  flutes  of  curved 
or  V-shape  rather  than  nearly  rectangular  cross-section. 

The  day  before  and  the  day  of  the  fire  test,  a series 
of  measurements  were  made  of  the  thickness  of  acoustical 
plastic  by  probing  with  fine  wires*  Measurements  were 
made  of  the  thickness  beneath  the  flat  plates  of  the 
cellular  units  and  beneath  the  flutes  and  between  the 
flutes  of  the  other  units*  The  maximum,  minimum,  and 
average  under  the  cellular  units  were  1 11/16  in,, 

1 l/lo  in,,  and  about  1 7/16  in,  respectively;  under  the 
flutes  1 3/4-  in.,  1 in.,  and  about  1 3/8  in,  respectively; 
and  between  the  flutes  2 9/16  in,,  1 1/16  in,,  and  about 
1 5/8  in. , respectively*  The  overall  average  of  these 
measurements  was  about  1 7/16  in*  (1,4-6  in,  actually). 


3.  Test  Method 

The  specimen  was  subjected  to  fire  endurance  test 
in  general  compliance  with  the  methods  defined  in  the 
Standard  Methods  for  Fire  Tests  of  Building  Construction 
and  Materials,  ASTM  E-119* 


3*1  Furnace 

The  furnace  was  in  the  shape  of  a large,  fire-brick 
lined  box  with  the  specimen  filling  the  otherwise  open  top. 
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The  furnace  was  equipped  with  steel  frame  to  support 
and  restrain  the  specimen,  gas-air  burners,  thermocouples, 
loading  apparatus,  means  for  measuring  deflections,  and 
windows  through  which  the  exposed  surface  could  be 
observed  during  the  test* 


3*2  Ag ing 

The  specimen  was  allowed  to  age  21  days  from  the  day 
of  the  last  patching  of  cracks  and  application  of  texture 
coat.  The  period  of  aging  was  determined  by  weighing  a 
representative  sample  of  the  construction  until  the  weight 
was  essentially  constant  for  four  consecutive  days  and 
gained  slightly  on  the  fifth  day* 


3*3  Loading 

The  dead  load,  or  weight,  of  the  specimen  was  M+.4- 
lb/ft2  of  floor  area.  The  live  or  applied  load  computed 
to  produce  a deflection  of  1/360  span  of  the  weaker  floor 
unit  was  87*5  ib/ft  * The  design  load  for  the  10WF21 
beam  on  17  ft  9 in*  span  was  16.2  kips®  The  combined 
dead  and  live  loads  on  the  floor  were  such  that  the 
portion  carried  by  the  beam  was  14-.6  kips.  Therefore, 
about  1*6  kips  extra  load  on  the  beam  was  provided  by 
weights  on  the  floor  directly  above  the  beam* 


3.4-  Temperatures 

Temperatures  were  measured  by  means  of  chromel- 
alumel  thermocouples  connected  to  self-balancing  potentio- 
meters calibrated  to  read  directly  in  degrees  C.  Thermo- 
couples were  placed  in  the  furnace  chamber,  on  the  beam, 
the  steel  deck  units,  and  the  unexposed  surface.  Those 
in  the  furnace  chamber  were  in  porcelain  insulators  and 
encased  in  wrought  iron  pipes*  The  pipes  were  placed 
so  that  the  thermocouple  junctions  were  12  in.  below  the 
specimen*  The  other  thermocouples  were  in  glass  fiber 
sleeving®  Their  locations  are  indicated  in  figure  1. 

The  furnace  fires  were  controlled  to  produce  temperatures 
as  near  as  feasible  to  those  of  the  Standard  Time-Temperature 
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Curve  defined  in  ASTM  E-119?  which  include: 

1000° F at  5 min,  1300°F  at  10  min, 
1550°F  at  30  min,  1700° F at  1 hr, 

2000° F at  4 hr  and  2300° F at  8 hr. 


3 .5  End-Point  Criteria 

The  Standard  Test  Method  required  that:  1)  the  specimen 

continued  to  sustain  the  applied  load,  2)  flames,  or  gases 
hot  enough  to  ignite  cotton  waste,  not  have  passed  through 
the  specimen,  3)  transmission  of  heat  shall  not  have  been 
such  that  the  average  temperature  of  the  unexposed 
surface  increased  250  degrees  F nor  the  temperature  at 
any  one  point  have  increased  325  degrees  F above  their 
initial  values®  The  fire  endurance  was  defined  as  the  time 
at  which  the  first  of  these  conditions  was  attained,  with 
a correction  to  the  time  for  variation,  if  any,  of  the 
furnace  temperatures  from  those  defined. 


Results 

The  fire  test  was  conducted  May  28,  1957®  The  observa- 
tions of  physical  behavior,  temperatures,  and  deflections 
are  reported  together  although  each  was  made  independently. 
At  12  min  there  was  a vertical  crack  at  the  center  of  the 
West  face  of  the  beam  protection.  At  36  min  there  was  a 
similar  crack  in  the  East  face®  At  V7  min  there  was  a 
small  piece  of  piaster  protruding  from  the  East  edge  of 
the  beam  soffit  at  center  span®  Around  1 hr  22  min  to 
1 hr  25  min  several  mild  thumps  were  heard  _ probably  the 
muffled  sounds  of  breaking  of  welds  between  beam  and  deck 
units.  At  2 hr  1 min  a few  more  thumps  were  heard.  There 
were  no  cracks  in  the  concrete  and  only  three  fine  cracks 
in  the  plaster  around  the  beam.  There  were  a few  small 
black  spots  in  the  acoustical  plastic.  The  net  deflection 
at  the  center  of  the  beam  was  0.6  in®,  the  maximum  beam 
temperature  was  524-°F,  and  the  maximum  temperature  on  the 
unexposed  surface  was  175  degrees  F above  the  initial 
value.  By  3 hr,  the  two  vertical  cracks  in  the  beam  protec- 
tion were  about  1/8  in.  wide  but  there  were  no  other  notice- 
able changes  in  the  appearance  of  the  specimen.  The  net 
deflection  at  the  center  of  the  beam  was  1.6  in.,  the 
maximum  beam  temperature  8l5°F,  and  the  maximum  rise  on 
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the  unexposed  surface  220  degrees  F.  At  3 hr  4l  min  the 
limiting  average  temperature  rise  of  250  degrees  F was 
reached  on  the  unexposed  surface.  The  maximum  rise  of  325 
degrees  F at  one  point  was  reached  at  4 hrs.  By  4 hr 
35  min,  the  vertical  crack  in  the  center  of  the  East  face 
of  the  beam  plaster  was  about  1/4  in.  wide,  that  on  the 
West  about  1/8  in®  wide®  The  net  deflection  at  the  center 
of  the  beam  was  3°0  in®  and  the  maximum  temperature  on  the 
beam  was  1024° F»  By  the  end  of  the  test  at  6 hr  4-  min, 
the  deflection  of  the  beam  had  exceeded  5*6  in.,  the 
cracks  in  the  beam  cover  were  1/4  to  1/2  in.  wide,  and 
there  were  very  fine  cracks  across  the  corners  of  the 
concrete  fill. 

After  the  test,  and  cooling,  the  only  significant  cracks 
in  the  beam  cover  were  those  across  the  soffit  and  up  each 
side  at  the  center  of  the  beam.  The  plaster  was  a light 
brown  color,  somewhat  darker  than  before  the  fire  exposure. 
Measurements  were  made  of  the  thickness  of  the  fire  exposed 
plaster,  from  the  face  of  the  metal  lath.  The  soffit 
varied  from  1 3/8  to  1 7/8  in.  and  averaged  1 1/2  in.;  the 
West  side  varied  from  1 9/16  to  2 in.  and  averaged  1 3/4  in.; 
the  East  side  varied  from  1 1/2  to  2 5/16  in.  and  averaged 
1 13/16  in.  One  section  of  the  East  side  was  1 5/8  in. 
thick  at  the  bottom  and  2 5/16  in.  about  2 in.  from  the  top. 
The  beam  had  a permanent  deflection  of  5 in.  at  its  centero 
The  acoustical  plastic  was  covered  with  craze  cracks  and 
fissures,  some  1/2  to  1 in.  wide  and  deep.  The  original 
surface  was  a slightly  darker  brown  than  the  beam. 

However,  the  base  application  material  that  showed  in  the 
cracks  and  fissures  was  a very  dark  brown  and  fairly  shiny. 

The  concrete  fill  had  hairline  cracks  across  the  four 
corners  plus  two  1/16  in.  wide  East-to-West  cracks,  one 
about  5 ft  from  the  North  end  and  the  other  the  same 
distance  from  the  South  end.  The  former  was  about  10  ft 
long,  the  latter  about  3 ft  long.  The  concrete  was  still 
in  close  contact  with  the  steel  deck  units  and  the  joints 
between  units  were  closed. 

The  fire  endurance  of  the  specimen  was  limited  by  250 
degree  F temperature  rise  on  the  unexposed  surface  at 
3 hr  4l  min.  The  furnace  fire  control  was  such  that  no 
correction  was  applicable  to  the  failure  time.  The  fire 
exposure  severity,  as  determined  by  the  ratio  of  the  area 
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under  the  curve  of  average  furnace  temperatures  to  the  area 
under  the  Standard  Time -Temperature  Curve,  was  100  A 
percent.  The  beam  continued  to  support  the  applied  load 
for  6 hours  although  temperatures  were  reached  at  about 
5 hrs  which  would  have  been  considered  indicative  of  failure 
in  a test  of  a steel  beam  without  applied  load. 
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Figure  b.  Undersurface  of  specimen  the  day  after  fire 
exposure. 
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D.  C.,  and  its  major  field  laboratories  in  Boulder,  Colorado,  is  suggested  in  the  following  listing  of 
the  divisions  and  sections  engaged  in  technical  work.  In  general,  each  section  carries  out  spe- 
cialized  research,  development,  and  engineering  in  the  field  indicated  by  its  title.  A brief 
description  of  the  activities,  and  of  the  resultant  reports  and  publications,  appears  on  the 
inside  front  cover  of  this  report, 
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Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Tubes.  Electrical  Instruments. 
Magnetic  Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  Instrumentation. 
Electrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Optical  Instruments.  Photographic 
Technology.  Length.  Engineering  Metrology. 

Heat  and  Power.  Temperature  Physics.  Thermodynamics.  Cryogenic  Physics.  Rheology 
and  Lubrication.  Engine  Fuels. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State 
Physics.  Electron  Physics.  Atomic  Physics.  Nuclear  Physics.  Radioactivity,  X-rays.  Betatron. 
Nucleonic  Instrumentation.  Radiological  Equipment.  AEC  Radiation  Instruments. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemistry. 
Inorganic  Chemistry.  Electrodeposition.  Gas  Chemistry.  Physical  Chemistry.  Thermo- 
chemistry. Spectrochemistry  Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics. 
Mass  and  Scale.  Capacity.  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifica- 
tions. Polymer  Structure  Organic  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy,  Corrosion. 
Metal  Physics 

Mineral  Products.  Engineering  Ceramics.  Class.  Refractories.  Enameled  Metals.  Concreting 
Materials.  Constitution  and  Microstructure 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Heating  and  Air  Condi 
tinning.  Floor,  Roof,  and  Wall  Coverings,  Codes  and  Specifications. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathe- 
matical Physics- 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques.  Digital 
Circuitry , Digital  Systems.  Analogue  Systems.  Application  Engineering. 

• Office  of  Basic  Instrumentation  • Office  of  Weights  and  Measure- 
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Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials 
Gas  Liquefaction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular 
Propagation  Services  Sun-Earth  Relationships. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Systems 
Navigation  Systems  Radio  Noise  Tropospheric  Measurements.  Tropospheric  Analysis.  Radio 
SysU  ms  Application  Engineering. 

Radio  Standards.  Radio  Frequencies  Microwave  Frequencies.  High  Frequency  Electrical 
Standards.  Radio  Broadcast  Service  High  Frequency  Impedance  Standards.  Calibration 
Center  Microwave  Physics.  Microwave  Circuit  'standards. 


